Methodologies enabling the monitoring of animal movement and behavior in 3-dimensions (3D; x, y, z, the latter accounting for the vertical dimension) are becoming increasingly accessible and can be deployed on entire groups of animals inhabiting 3D habitats. When 2-dimensional (2D; x, y) space-use analyses are used on such groups, their spatial organization is represented as a planar projection of individuals' space-use. Movement on the vertical dimension is ignored and could biased ecological inference made from the spatial structure of the group. We used a digital imaging technique to track movements and feeding behavior of individual animals within a free-range aggregation of juvenile drift-feeding fish (Galaxias anomalus) in 3D and at fine spatiotemporal scales. We estimated spatiotemporal overlap of space-use and feeding territories between group-members using 2D (x, y) and 3D spatial analysis to: (1) describe the spatial structure of the group, (2) identify patterns of resource partitioning, and (3) investigate the relationship between space-use overlap and feeding behavior. We found that overlapping ratios of space-use and feeding territories were over-estimated in 2D, while 3D analysis of space-use provided evidence of spatial partitioning between group-members. We also found that, regardless of the computation used, the overlapping ratios of space-use were positively correlated with overlapping ratios of feeding territories while no effect was found on feeding activity. In conclusion, whilst 3D analysis provided valuable information on the spatial structure of a group, inferences on the ecological function of space-use can also be obtained from 2D analysis.
INTRODUCTION
The way an individual uses and shares space and resources with other conspecifics is an ecologically meaningful feature that can reveal important insights on its social status, its access to resources and, ultimately, its fitness (Jonsson et al. 2002; Murray et al. 2006; Schradin et al. 2010) . Until recently, investigating patterns of spatial segregation within animal groups was technically challenging, but recent advances in tracking methodologies, along with the development of movement ecology tools, are making such studies accessible (Fieberg and Kochanny 2005; Nathan 2008) . As a consequence, the estimation of space-use overlap between groupmembers has been increasingly used to investigate key aspects of the social organization of a group, such as resource distribution and intra-specific competition regulatory mechanisms (Fieberg and Kochanny 2005; Ang and Manica 2010; Vander Wal et al. 2014 ).
Spatial analysis in 3D led to important advances in the collective behavior of animals; for instance, it enabled the correct estimation of metrics involved in the self-organization of synchronized group-living animals such as flocking starlings (Ballerini et al. 2008) . Similarly, in studies investigating space-use in gregarious or territorial species inhabiting 3D environments, 3D spatial analyses have enabled the accurate description of patterns of spatial segregation between individuals through the vertical dimension, and prevent the over-estimation of space-use overlap that can occur with more traditional 2D spatial analysis computed through the horizontal plane (Simpfendorfer et al. 2012) . While a large proportion of animals across a wide range of taxa use space in 3D (e.g. flying, arboreal, burrowing, and aquatic animals), very few studies examined the multidimensional space-use of these animals, arguably because of the lack of tools adapted to 3D movement data (Udyawer et al. 2013; Munroe et al. 2014) . Recently though, some new analytical tools have appeared, enabling multidimensional space-use analysis (Duong 2007; Tracey et al. 2014 ). This area of research is expected to be one of the leading directions in the field of movement ecology (Demšar et al. 2015) .
Drift-feeding fish are well-known biological models (Krause 1993a; Krause et al. 2000; Couzin et al. 2002; Katz et al. 2011) and represent an ideal candidate to test the relevance of these new tools. These organisms live in a dynamic and heterogeneous 3D environment, where micro-scale hydraulic features and food patchiness make spatial positioning critical for the fitness of individuals, underpinning food access, and swimming intensity (Fausch, 1984) . In contrast to highly synchronized schooling fish that gather as a predator avoidance strategy (Morgan and Godin 1985) , driftfeeding fish also aggregate in "shoals" (Delcourt and Poncin 2012) within patches of good quality habitat as a way to enhance feeding efficiency and the exploitation of this very patchy environment (Pitcher et al. 1982; Freeman and Grossman 1992; Krause et al. 1992; Sih et al. 2004) . In this context, intra-specific competition within groups of drift-feeding fish has a strong spatial component, and the study of the spatial structure and organization through individual space-use is likely to highlight important features of their social structure (Nakano 1995; Hansen and Closs 2009) , and provide valuable clues regarding the mechanisms underlying intra-specific competition and patterns of resource distribution within-group living animals (Ward et al. 2006) . Also, because of the dynamic aspect of these aggregations, ecologically meaningful information can be collected at much finer spatiotemporal scales than for other group-living biological models. These features make drift-feeding fish aggregations particularly suitable for the investigation of the spatial aspect of group-living organization in a 3D environment. However, with the exception of few early empirical works (Cullen et al. 1965; Pitcher 1973; Partridge et al. 1980) , technical limitations in tracking methodologies have constrained most studies to date to a 2D framework (Hoare et al. 2001; Tien et al. 2004) .
Here, we used a digital imaging technique (VidSync software, www.vidsync.org) to study 3D space-use of a free-ranging aggregation of juvenile drift-feeding fish (roundhead galaxiids, Galaxias anomalus) using underwater stereovideo footage taken in-situ. This method permits users to manually track, in 3D and with high spatiotemporal accuracy, the position of each group member, and the spatial distribution of its feeding behavior while competing within the patch. This enables the study of group-members' space-use along with their respective feeding territories, and the description of the spatial structure of the aggregation.
Therefore, the aims of this paper were 3-fold: (1) describe and compare the spatial structure of the group from 3D and 2D spaceuse analysis, (2) identify patterns of resource partitioning, and (3) use overlapping ratio of utilization distributions (UDs) as a response variable and compare its effect on feeding behavior between 2D and 3D computations. Combined, the results from our study provide insights into the advantages and shortcomings of 2D and 3D spatial analysis when used on animals inhabiting 3D environments, as well as the potential applications of such analyses to explore topical ecological questions such as intra-and inter-specific competition, social structure, and within-group resource distribution.
METHODS

General information
We studied one aggregation of young-of-the-year roundhead galaxiids aggregating in a small section of Boundary Creek, a third order tributary of the Kyeburn River. Observations took place at the end of summer, under what would seem to be ideal feeding conditions (warm, sunny, stable flow) when fish were feeding intensively. This species is one of at least the 10 species of non-diadromous galaxiids found in New Zealand and complete their entire life cycle in their natal stream (Allibone and Townsend 1997) . After emergence, in summer, they exhibit a pelagic larval/ juvenile stage where they gather in shoals in backwaters, then aggregate in suitable pool and run habitats within the stream to feed on invertebrate drift (Jellyman and Mcintosh 2008) . The study site consisted of a medium-flowing (0.25 ms −1 ) stretch of a small stream (1 m long, 60 cm wide, and 30 cm deep), roughly delimited by natural obstacles (large cobbles upstream and shallow gravels downstream), inhabited by a group of feeding juvenile galaxiids comprising up to 6 individuals. Cobbles at the upstream end of the site seemed to provide a velocity shelter that could explain why fish aggregated there (Supplementary material 1 and the supplementary video). Fish length was estimated from 9 observations, over several filming sessions, and there was little inter-individual variation in size (± standard deviation [SD] in this site was 35.8 ± 5.1 mm, n = 9). Monitoring occurred on 3 consecutive days from 20 to 22 March 2009, during which 5 filming sessions of 30 min each were completed between 10 AM and 3 PM. Conditions were very similar between sessions and fish were feeding actively throughout the study. To guarantee the observation of undisturbed behavior, fish were not manipulated or disturbed in any way and were free to come and go from the study area. Filming, calibration, and sampling were described in Vivancos and Closs (2015) and only the important aspects of it will be described in the following parts.
Filming and calibration
We used 2 GoPro Hero HD cameras with a modified housing equipped with a flat lens (Sartek Industry) and securely mounted in stereo on a hollow PVC tube mounted on a tripod. Prior to filming, groups of fish were carefully observed from the river bank in order to determine the best arrangement of the cameras within pools to obtain a view that encompassed the entire group, or at least the upstream portion of it, where space-use would be considered as the most critical for prey access (Krause 1993b; Elliott 2002) . Filming angle was chosen from the side and was kept identical between filming sessions. We used a flashing LED headtorch to synchronize the camera before the filming sessions. Flashing LED can allow reasonnable synchronization by choosing as referential the frame either at the beginning of the flashing (as soon as a light is visible in the LED) or the end (as soon as no light is visible after flashing). No timing discrepancies where found, even while monitoring very short events such as feeding event (i.e. food items were in contact with the fish mouth at the same frame). Each filming session lasted for approximately 30 min.
VidSync software requires a calibration phase for each video session, as described in Hughes and Kelly (1996) . The calibration allows the manual positioning of any object that has been filmed simultaneously by the 2 cameras within a virtual 3D Euclidian space calibrated using a gridded cube. Because cameras positions were not exactly identical between video sessions, a unique Euclidian space (with its own origin) was generated for each sample. We used the coordinates of a fixed feature of the habitat (a small colored rock) as spatial reference to correct coordinates between video sessions and allowed every observation to be set within the same Euclidian space with the same origin. Calibration accuracy was tested by measuring distance on the grid of the calibration cube and measurement error was below 5 mm for each sample. When cameras were set up on the study site, fish initially hid under rocks or banks, but resumed normal behavior quickly after camera placement was complete. Hence monitoring started when fish had resumed their original positions and normal behavior was observed, generally after about 5 min.
Video monitoring and data collection
VidSync software allows calculation of 3D positions from stereocamera footage, organizing measurements according to object (e.g. individual fish observation) and associated measurements (e.g. spatiotemporal position or foraging attempt; see Neuswanger et al. (2014) for details). Movement and behavior of every fish within the field of view was monitored until the end of the video session. To monitor fish positions, we chose the eye of the fish as a constant positional reference point as it provided a clearly defined feature. During the monitoring, fish could come and go freely within the field of view, and despite the use of high-definition cameras, individual fish identification using body features was not possible. When a fish entered the field of view, observation commenced and an unique object ID was allocated. When the fish moved out of the frame, the observation stopped. Each ID would therefore correspond to 1 independent observation of a fish. Because individual recognition was not possible, 1 fish could be credited with several observations: it could be filmed several time during the same filming session and across several different session. Therefore, to account for the different levels of inter-dependence between observations we attributed group and subgroup references in the observation's ID. Group references accounted for the filming session the observation belonged to (i.e. observations made during the same session), while the subgroup references accounted for observations with overlapping monitoring time (i.e. a group of observations made on fishes filmed simultaneously, therefore potentially dependent from one another). For long observations that could belong to different subgroups, the reference was given depending on the amount of time spent in each subgroup. These precautions, associated with the dismissing of short observation as explained subsequently, are therefore believed to have efficiently accounted for the different levels of pseudo-replication of our data.
Fish were observed at a fine spatiotemporal scale and in an open environment. Hence, some fish were positioned for much of the time on the edge of the monitored area, only spending just a small amount of time within the effective field of view. The methodology used in this paper prevented the extraction of consistent information on the behavior of these fish, and consequently we chose to dismiss observations shorter than 120 s (Vivancos and Closs 2015) . Spatiotemporal locations were recorded at regular intervals (every 5 s) when a fish was holding position in the water column. When the fish shifted position, we waited until it had stabilized in a new position before resuming monitoring. Recorded positions would therefore only reflect the intensity of use of focal positions, which would be the most relevant aspect of the space-use strategy displayed by the observed fish. Position and time of every feeding event were also recorded for each observation. Feeding events could be prey captures or prey inspection of drifting invertebrates, as it was not possible to determine if fish had actually captured a prey item.
Kernel density estimation
Fish positions were recorded manually and continuous monitoring was therefore impossible. We used kernel density estimation (KDE) to model uncertainties between recorded positions and estimate fish home-range. We also used KDE to model the spatial distribution of feeding events and identify zones of high probability of occurrence (i.e. feeding territories). We used "ks" package 1.10.4 (Duong 2007 ) on R software (3.0.1, 64-bits version; R Development Team, 2013) to estimate the contours of home-ranges and feeding territories in 3D and in 2D, as a projection on the horizontal plane. Statistical properties of animal space-use are commonly computed using a UD based on a kernel density estimator (Worton 1989 ). This analysis allows the estimation of the probability distribution of an animal's space-use from tracking data (Vanwinkle 1975) , but can also be used to study the spatial distribution of single events (Bithell 1990) . KDE estimates probability density of pixels (or voxels when computed in 3D) within a pre-defined 2D grid (or within a 3D cube), which allows the determination of UDs via isopleths representing contours of different levels of probability density. Generally, the 50% isopleths of the UD (UD50) are considered as the core of the home-range of the individual, while the 95% isopleth (UD95) accounts for the high-use habitat. We used 2D and 3D KDE to estimate UDs (UD50 and UD95) of individual observation, and to study the spatial distribution of associated feeding events in order to identify feeding territories.
The purpose of this paper is to make reliable comparisons between 2D and 3D UD's computations, and parameters were set accordingly. The choice of the smoothing parameter (or bandwidth) in the kernel analysis can be problematic and can have a major influence on isopleths contours (Seaman and Powell 1996) . Here, we used the default plug-in bandwidth selector to estimate the smoothing factor adapted to 3-dimensional data, following the methodology described in Chacón and Duong (2010) . We used the default value of the grid size for each computation, only adapting minimum/maximum values of the grid to the range of the data collected, for both space-use and feeding territory.
Studying feeding territories using KDE can be ecologically irrelevant when estimated from a very small sample size, especially when recorded feeding events are spatially dispersed, and could potentially introduce bias when included in the estimation of overlap with other feeding territories. To mitigate the effect of this potential bias, we arbitrarily chose to allocate a feeding territory size of zero to observations displaying less than 5 feeding events. Because feeding events were relatively rare, we estimated feeding territories using only the 95% isopleths of the KDE in order to consider most of the events recorded.
Overlap estimation
We estimated the individual home-range overlap ratio by calculating the proportion of an observation's UD that was overlapped by others group-members' UD, for both isopleths (50% and 95%). Overlap ratio was computed only between group-members whose monitoring time overlapped. This allowed for the computation of the spatiotemporal overlap associated with each computed UD and feeding territory, which would account for the amount of space the fish was actually sharing with other group-members during a period of observation. Home-range overlap is usually computed between pairs of individuals, for instance pairs of neighboring individuals (Cooper et al. 2014) , or adjacently ranked individuals (Ang and Manica 2010) . However, when an animal is sharing space with 2 or more other group-members, there is a risk of overestimating the overlapping area (or volume), as the home-range associated with the other's observations could also overlap, leading to cumulative overlap (see supplementary material 2 for a graphical example). To account for this, we systematically subtracted the area of cumulative overlap following this logical approach: The same logic was extrapolated for groups of up to 6 observations, in order to accurately compute individual overlaps, even when all the group-members were present in the monitored area at the same time and could potentially overlap. The tendency of an individual UD to be overlapped by other group-members was then estimated by the ratio between its UD and the computed overlap. It is important to note that this approach was only applicable in our case because of the limited number of individuals present simultaneously on frame; extrapolating it to larger groups would be particularly complex, and it would be advisable to use the wellknown pairwise overlapping estimation in such cases (Fieberg and Kochanny 2005) .
Statistical analysis
We used R software to carry out all statistical analyses. The response variable was the proportion of overlapping space. This variable was modeled by considering cells (pixels or voxels) encompassed within the chosen isopleths, as a succession of Bernouilli trials, where the probability of being overlapped or non-overlapped was modeled as a binomial distribution. Considerably more cells were generated for 3D computations than for 2D, which made the dataset unbalanced, and comparison between the 2 computations irrelevant. To account for that, we scaled the number of cells generated in 3D against the number of cells generated in 2D for each observation, so that the probability of overlapping would be based on the same number of Bernouilli trials. For instance for the observation i, the scaled number of cells overlapped in 3D Novs would be as follow:
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With n(i) being the UD95 in 2D of the observation i, N(i) the UD95 in 3D and Nov(i) the number of cells overlapped in 3D. We investigated the effect of the feeding territories overlap ratio and feeding activity on UD overlap ratio, for both 2D and 3D computations, using general linear mixed models (GLMMs) with the glmer function from lme4 package (Bates et al. 2015) . Proportional data are often associated with strong over-dispersion, so we systematically checked for the approximate normality of random effects following the methodology presented in Warton and Hui (2011) . We accounted for the possible dependence between observations in the models by considering groups, subgroups and observations' ID as random factors. Correlations between overlap ratios were analyzed using Pearson's product moment correlation.
RESULTS
Data collection overview
During this study, 42 observations of juvenile galaxiids lasted for more than 120 s, allowing UDs to be computed for each of them. The number of observations per sampling session (group size) ranged from 5 to 12, while subgroup size ranged from 2 to 6. The monitoring duration of each observation ranged from 120 to 1257 s (mean = 353 s). UDs were computed from over 3000 spatial positions, manually recorded (mean position recorded per observation = 59 ± 6 standard error [SE] ). Mean ± SE of area and volume of core home range (UD50) for each observation was 84.8 ± 7.4 cm 2 in 2D and 621 ± 0.085 cm 3 in 3D, while their respective mean ± SE area and volume of high-use habitat (UD95) was 348.5 ± 25.6 cm 2 in 2D and 3006 ± 339 cm 3 in 3D. Feeding territories were computed from 691 feeding events (15.7 ± 1.81 per observation). The number of feeding events for 8 observations was considered too low (<5) to reflect the spatial distribution of a feeding behavior and consequently, the volume and areas of their respective feeding territory were not computed. The mean ± SE of area and volume of feeding territories were 106.8 ± 12.2 cm 2 in 2D and 1391 ± 169 cm 3 in 3D for UD50, and 384.7 ± 44.6 cm 2 in 2D and 4465 ± 611 cm 3 in 3D for UD95.
Overlap ratio
Spatiotemporal overlap ratios (in %) of core and high-use habitat showed clear differences between 2D and 3D computations (Figures 1-3) . Mean core home-range (UD50) overlap ratio was larger when computed in 2D than in 3D and was strongly correlated between computations (P < 0.001). In 2D, overlap ratio displayed a large SD (σ = 33), with one individual being nearly totally overlapped. However, when computed in 3D, the overlap ratio of UD50 was low with lower SD (σ = 26.2), and 21 observations out of 42 showed no or very low overlap (<1%). Mean overlap ratio of UD95 (high-use habitat) was also greater when computed in 2D than in 3D, and SD was larger in 3D (σ = 31.1 and 33 in 2D and 3D, respectively) and was strongly correlated between computations (P < 0.001). Overlap ratios of feeding territories also showed strong differences between the 2D and 3D computations (see Figures 1  and 3 ) and were highly correlated (P < 0.001). Mean overlap ratio of feeding territories were larger in 2D than in 3D, with slightly larger SD in 3D (σ = 34.6 and 35.9 in 2D and 3D, respectively).
UDs overlap, feeding territories, and feeding activity
Since the overlap ratio of UD50 was null for half of the observations when computed in 3D, and displayed very little variability, the overlap ratio of the UD95 appeared to be a more suitable response variable for the following analysis. UDs overlap displayed similar results for both computations used (Figure 4) . When using 2D and 3D computations, GLMM showed that UD95 overlap ratios have a significant positive effect on feeding territory overlap ratios, although stronger in 2D than in 3D (P < 0.001 and P = 0.011 in 2D and in 3D respectively, Figure 4a ). The random effect ID had the strongest effect in both models, highlighting a strong interindividual difference, while the random factor group had a smaller effect, but was still important especially for 3D computations, suggesting differences between sampling sessions. In contrast, the random effect subgroup had no effect and was removed. In contrast, GLMMs showed no significant effect of UD95 overlap ratio on feeding activity for 3D and 2D computations (P = 0.884 and P = 0.124 in 2D and in 3D, respectively, Figure 4b) . ID was the most important random effect in both computations, while the random factor group was negligible for 3D computations.
DISCUSSION
Dismissing the vertical dimension prevented the accurate description of the spatial structure of the studied aggregation, but did not seem to affect the investigation of the ecological function of spaceuse within it. A positive correlation was found between UD95 and feeding territory overlap ratios, for both 2D and 3D-based models (see Figure 4a ), although 2D-based models showed a much stronger effect. This result suggests that in this aggregation, the exclusive use of space is associated with the control of a specific feeding territory, which is a pattern that also occurs in salmonids (Grant et al. 1989) . This relationship emphasizes the ecological significance of spaceuse and reaffirms the importance of access to prey in the spatial structure of this fish aggregation. The second analysis investigating UD95 overlap and feeding activity also showed similar results between 2D and 3D computations (Figure 4b) , and GLMMs did not find any link between both overlap ratios and feeding activity. We can speculate that the control of a spatial position was not necessarily associated with a higher feeding activity in this aggregation, which could mean that access to prey was not the only driver of the spatial structure and other variables may be involved.
It was unexpected to see results from 2D-and 3D-based models converging to the same conclusions. Despite the strong correlation existing between overlap ratio estimation from both computations, 2D overlap ratios were largely over-estimated and skewed toward high values (Figure 1 ) and it is surprising that they did not have larger consequences for our results. Nonetheless, we can notice that overlaps computed in 3D showed more inter-observation variability, for both UD95 and feeding territories. This could explain the difference in effect strength between the models implicating these 2 variables (Figure 4a ). Hence, we can suppose that 3D analysis does provide subtle insights on space-use overlap variability between group-members, which is an important aspect in animal groups (Ang and Manica 2010) . However, given the limited number of observations made (42) and their short duration (on average 353 s) these results should be interpreted with caution and any extrapolation of their ecological meanings to other systems or species would be speculative.
The large over-estimation of both overlapping ratios of UD50, UD95, and feeding territories when computed in 2D (Figures 1  and 3 ) emphasizes the importance of the vertical dimension when considering the spatial structure and resource use of fish groups, although observations were too short to estimate ecologically meaningful feeding territories. Spatial position through the water column was considered to be an important component of space-use in drift-feeding fishes (Mendelson 1975; Freeman and Grossman 1992; Baker et al. 2003; Vivancos and Closs 2015) , and our results suggest that it could also be critical in the spatial partitioning of habitat and resource access in drift-feeding fish. In this regard, our results are comparable to what have been found in birds (redstarts, Cooper et al. 2014 ) and pelagic fish (Simpfendorfer et al. 2012) . The over-estimation of UDs overlapping ratios in 2D suggests that spatial partitioning within a group of drift-feeding fish would be impossible to describe from 2D analysis, as space-use overlap would be constantly over-estimated. This could explain why such structure has never been identified before, since the vast majority of studies investigating such aspects have only been completed in 2D, usually through the horizontal plane (Krause et al. 1992; Hoare et al. 2001; Tien et al. 2004) . The analysis of the 3D UDs overlap demonstrated clear spatial segregation between observations, with 50% of the observations showing less than 2% of overlap ratio of UD50. Overlap of UD95 was also relatively low (third quartile of 60%) but quite variable between observations (Figure 3 ). These results demonstrate that the spatial structure of the group displayed some level of spatial partitioning when studied in 3D, which suggests that intra-specific competition can generate patterns of spatial segregation in a group of similar-sized drift-feeding fish, similar to those in territorial fish. Previous work has shown that some individuals can control advantageous spatial positions within a shoal (Krause 1993a) , but this is the first time that a pattern of spatial partitioning has been described in a non-salmonid drift-feeding fish. However, inter-individual variability of overlap of UD95 computed in 3D suggests that the spatial segregation is not strict and can vary amongst group-members, which fits with the concept of continuum of territoriality (Maher and Lott 2000) . The spatial structure of such aggregations is believed to be highly dynamic (Couzin and Krause 2003) , and patterns described in this study need to be considered as snapshots corresponding to the spatial arrangement of individuals when aggregating in a defined area, in a given context, during a given period of time. This is reflected by the high variability of overlap ratio of UD95 found between sampling sessions. However, spatial partitioning of UD50 was maintained throughout the study and this pattern is likely to have strong implications in resource distribution within the group, as it suggests that some individuals display exclusive use of certain microhabitats (Grant et al. 1989; Nakano 1995) , a pattern further supported by the overlap ratio of feeding territories (Figure 4a ). The latter displayed spatial partitioning in 3D, with 50% of feeding territories showing less than 53% of overlap ratio (Figure 3 ). This result suggests that feeding territories can explicitly reflect resource distribution within the group, with every group member having a loosely defined feeding territory, associated with their wider spaceuse strategy. However, this result is based on short observations and longer monitoring enabling the record of a greater number of feeding events for every individual would be necessary in order to have a robust description of the spatial distribution of feeding territories.
Identifying the exclusive use of space in group-living animals is central to understanding the organization of such assemblages as it partially reflects the degree of territoriality of each groupmember (Maher and Lott 1995) , and can therefore account for inter-individual differences in competitive ability and social rank (Dubois and Giraldeau 2005) . Because the present study was carried out in a wild population, we can expect physical microhabitat features and invertebrate drift density to be variable, even at very small scales (Brooks et al. 2005) , which could lead to substantial differences in fine scale patch quality. This environmental variability, could potentially lead to ecologically meaningful differences in prey access and swimming costs between group-members, depending on the quality of their respective spatial niche (Nakano 1995) . In this context, we can expect fish to compete over the access to, and the control of, high-quality spatial niches (Grossman et al. 2002 ). This observation is further supported by the fact that numerous aggressive interactions occurred within the study group of juvenile galaxiids during the monitoring (Vivancos, personal observation) . Identifying the drivers of intra-specific competition within groups in variable environments, and studying their effects on the spaceuse pattern of each group-member would enable to empirically test theory related to social foraging (Dubois et al. 2003) . This study attempted to describe multidimensional patterns of space-use and resource use within a group of animals in-situ, and investigate its potential ecological function using a dynamic fish aggregation as a model. The methodology used, whilst being timeconsuming and only enabling relatively short observations, provides an opportunity to identify potential challenges associated with the multidimensional study of space-use and behavior of group-living animals. Indeed, 3-dimensional analysis of animal movement and behavior at larger spatiotemporal scales using automatic video tracker, GPS biologgers, and animal-borne cameras will be more common in the future and are expected to considerably improve our knowledge of animal spatial behavior (Cagnacci et al. 2010; Dell et al. 2014; Wilmers et al. 2015) . Therefore, this paper can be considered as a pilot study, at a fine spatiotemporal scale, the results of which can be extrapolated to other biological models that will likely be the topic of similar research in the near future.
In conclusion, we demonstrate that 3D analysis of drift-feeding fish can provide new insights on the behavioral ecology of gregarious species inhabiting 3D habitats, but we also found that estimations of space-use overlap in 2D and 3D are strongly correlated, making inferences based on these computations likely to be similar. This supports the relevance of previous studies using 2D overlap ratio as quantifiable trait (Ang and Manica 2010) . However, the expected development of new, higher performance 3D space-use analysis tools will make such analyses more accessible in the future (Belant et al. 2012 ). Consequently, researchers should not have to choose between 2D and 3D, especially when 3D space-use analysis appears particularly adapted to the species studied. (a) Non-linear regression between UD95 overlap ratio and feeding territories overlap ratio computed in 2D (z = 4.812, P < 0.001) and 3D (z = 2.535, P = 0.011) for each observation (n = 34). (b) Non-linear regressions between UD95 overlap ratio and feeding activity computed in 2D (z = −0.146, P = 0.884) and 3D (z = 1.537, P = 0.124) for each observation (n = 42).
